IMPORTANCE A disproportionate number of impoverished and minority children have asthma and receive suboptimal preventive care.
For example, clinicians frequently misclassify asthma severity, resulting in inadequate prescription of effective preventive medications. 12 Action plans and asthma education are not delivered consistently. 13, 14 Even if preventive medications are prescribed, many children continue to have poor asthma control. 9, 15 Further, many parents underestimate their child's asthma severity 16 and do not notify physicians about frequent symptoms. 17 This study builds on our experience with a prior study in 2 urban continuity clinics in which we found that prompting clinicians about asthma severity and care guidelines at the time of an office visit resulted in improved preventive care delivery to inner-city children. 18 In the current study, we sought to establish whether these findings could be replicated with a larger sample of urban children from different practice types and whether the positive effects could be enhanced by more specific prompting directed toward both the clinician and caregiver and by providing practice-level supports and feedback. Further, we tested the impact of the intervention on clinical outcomes as well as preventive care delivery. The Prompting Asthma Intervention in Rochester-Uniting Parents and Providers (PAIR-UP) program was designed to improve preventive care for urban children with asthma by improving symptom awareness and promoting preventive care in the context of active discussions between clinicians and caregivers. It also was designed to ensure that clinicians have the information and resources needed to provide guidelinebased care and to prevent missed opportunities by including children who present to the office for reasons unrelated to their asthma.
We hypothesized that children receiving the PAIR-UP intervention would experience less asthma-related morbidity (defined by symptom-free days [SFDs] at the 2-month followup) compared with children receiving usual care (UC). Our secondary hypothesis was that children in the PAIR-UP group would receive improved preventive asthma care (defined by guideline-based corrective actions taken at the index visit) compared with UC.
Methods

Setting and Participants
Enrollment occurred in 12 urban primary care practices in Rochester, New York, from October 2009 to January 2013. Caregivers of children aged 2 to 12 years with asthma documented in their medical record were approached in the waiting room prior to the child's appointment with a clinician. Research assistants administered a structured screening tool to caregivers to assess eligibility. Children with persistent or poorly controlled asthma based on the National Heart, Lung, and Blood Institute (NHLBI) guidelines were eligible. Eligible children were visiting a physician or nurse practitioner (staff and social work visits were ineligible) for any reason, including well-child care visits and illness visits. Children were excluded if they had another significant health issue that might interfere with the assessment of asthma, if the family had no access to a telephone for follow-ups, and if they were enrolled previously.
We obtained written informed consent from the primary caregiver and oral assent from children aged 7 years or older. Spanish-speaking research assistants were available; consents, surveys, and prompts were translated into Spanish and back translated to English. All caregivers received grocery store gift certificates after each survey. The University of Rochester Institutional Review Board and the Rochester General Health System Institutional Review Board approved the protocol.
Randomization and the PAIR-UP Intervention
We performed a cluster randomized trial with 12 urban primary care practices, including 6 pediatric practices, 4 family medicine practices, and 2 medicine-pediatric practices. Prior to the start of enrollment, each of the 12 practices were matched based on size, type, and demographic characteristics and were randomly allocated by an independent statistician to either PAIR-UP or UC. Based on our prior data, 18, 19 we planned to enroll 638 participants to have greater than 80% power for primary and secondary outcomes. Enrollment in each practice occurred throughout the study period, with monthly goals for matched practices to ensure even recruitment across seasons and practices.
PAIR-UP Intervention
The PAIR-UP intervention consisted of 3 key components. First, for each participant, we generated a prompt for the clinician at the time of the visit with information regarding the child's symptom severity or level of control, preventive medication use, exposure to smoke, and specific tailored recommendations for guideline-based preventive care, a simplified prompt for the caregiver, and a blank asthma action plan for use at the visit. Second, practice-level supports including brief interactive seminars, resource guides, and access to free-of-charge asthma education programs were given to support guidelinebased preventive care. Third, biannual practice-level feedback was given regarding performance on key outcomes.
Prompts
The prompts were generated using standardized forms on a tablet computer with specified algorithms to generate individualized reports based on the information provided by caregivers. For children with persistent asthma and no use of preventive medication, we recommended starting an inhaled corticosteroid. For children with poor asthma control despite use of preventive medications, we recommended that the clinician consider evaluation of adherence and inhaler technique, treatment of potential comorbidities, evaluation for triggers, and step up of medications (new preventive medication or dose increase). The prompt also included information regarding medication adherence (if applicable), the child's ex-Copyright 2014 American Medical Association. All rights reserved.
posure to smoke, and other environmental exposures. Lastly, the prompt included a recommendation for the clinician to inquire about caregiver concerns and establish treatment goals (eFigure 1 in the Supplement). The caregiver prompt included specific preventive care issues to discuss with the clinician during the visit (ie, triggers, medication concerns) and outlined the family's treatment goals (ie, be able to participate in activities) based on caregiver responses to the waiting room survey (eFigure 2 in the Supplement).
Both prompts were printed on a portable color printer and given to the caregiver in the waiting room, along with a blank asthma action plan. The research associate instructed the caregiver to deliver the clinician prompt and the action plan to the clinician when the child was called back for the visit. Caregivers were specifically instructed to hand the prompt to the clinician in the examination room rather than to the nurse or aide who might be initiating the visit with the child. They also were asked to refer to their own prompt during the visit.
Practice-Level Supports
We provided support to practices to assist clinicians in implementing the approach outlined in the NHLBI guidelines and to help remove clinician-level barriers to guideline implementation. 6, 20 These supports, developed using principles of physician behavior change, 21 included brief interactive seminars tailored to clinicians' needs, a summary of the 2007 NHLBI asthma guidelines, 1 information regarding freeof-charge asthma education programs, links to local asthma resources, and educational packets for use in patient care. The seminars, led by the principal investigator (J.S.H.) and study nurse (P.J.T.), occurred at the beginning of each intervention year.
Practice-Level Feedback
All PAIR-UP practices received biannual feedback regarding the proportion of patients receiving appropriate guideline-based preventive actions during the study period and the proportion of patients meeting goals of therapy (limited symptoms, no acute care visits or hospitalizations, no absenteeism). The information was shown graphically, with a display of all intervention practices (indicated by code) for comparison. Key components of guideline-based care were represented, with tips for the clinicians. The UC practices received copies of the NHLBI guidelines but did not receive performance feedback. Families enrolled at UC sites completed baseline assessments in the waiting room prior to their visit but did not receive the prompting intervention. At the conclusion of the study, all 12 practices received $500 to thank them for participating.
Assessments
Assessment of Asthma Severity and Symptoms at Baseline After informed consent was obtained, a brief baseline assessment was completed in the waiting room prior to the child's visit. We assessed asthma severity using structured questions adapted from NHLBI guidelines. Caregivers reported the number of days their child experienced any cough, wheeze, shortness of breath, or chest tightness during the day, frequency of nighttime symptoms, activity limitation, and rescue medication use for symptom relief in the prior 4 weeks. The number of SFDs in the prior 14 days (defined as the number of days the child remained symptom free with no wheezing, coughing, chest tightness, or shortness of breath within a 24-hour period) was also recorded. Caregivers were asked the number of asthma exacerbations that required use of oral prednisone in the past year. As required by the eligibility criteria, all children had persistent or poorly controlled symptoms.
Initial Outcome Assessment
Within 2 weeks following the health care visit, caregivers were contacted via telephone and study staff used a structured interview tool to inquire about specific preventive care actions the child received at the office visit. Caregivers were asked about any changes to their child's asthma medications and treatment plan, including whether the clinician prescribed a new controller medication, stepped up the dose of a previously prescribed controller medication, or recommended restarting a previously prescribed medication that the family had discontinued (any affirmative response was defined as a preventive medication action). We asked caregivers whether the clinician specifically inquired about the frequency of the child's daytime and nighttime symptoms, counseled on reducing exposure to triggers including smoke, and discussed proper medication use. We also inquired whether the clinician delivered an asthma action plan or recommended a specialist referral or follow-up asthma visit.
Using a structured medical record abstraction tool, we reviewed medical records to assess the same preventive measures based on clinician report. Any documentation of asthma care was recorded by a research assistant blinded to treatment group. We considered that a preventive action was taken during the visit if either the caregiver or medical record review indicated an action had occurred. Medical record review data agreed with caregiver report 78% of the time (κ = 0.52).
Assessment of Asthma Symptoms and Health Care Utilization at 2 and 6 Months
Caregivers were contacted by telephone 2 and 6 months after enrollment to assess asthma symptoms and health care utilization. At each follow-up, research assistants asked the number of days per 2 weeks the children experienced daytime symptoms, nighttime symptoms, activity limitation, and requiring rescue medication to relieve symptoms. Caregivers also reported acute visits to the clinician as well as emergency department visits and hospitalizations related to the child's asthma since the index visit. The primary outcome was SFDs per 2 weeks at the 2-month follow-up. All follow-up telephone calls were administered by trained research assistants blinded to treatment group allocation.
Assessment of Covariates
We inquired about demographic characteristics, including child's age, race (white, black, or other), ethnicity (Hispanic or
Statistical Analysis
We performed analyses using SAS version 9.3 statistical software (SAS Institute, Inc). Baseline characteristics were compared between groups using 2-sample t tests (continuous variables) or using χ 2 or Fisher exact tests (categorical variables).
Multiple regression models were fitted for SFDs (dependent variable) and study group (independent variable) after adjusting for baseline SFDs, sex, race, asthma severity, and language. We estimated regression coefficients and standard errors using generalized estimating equations to account for the clustering data structure within practices. We used the same approach for secondary outcomes and 6-month measures. Logit-link function and binomial errors were specified for binary outcomes (emergency department visits or hospitalizations). Analyses also adjusted for actual duration that events were observed. Missing data analysis evaluated whether missingness was associated with observed covariates and outcomes. If the missing-completely-at-random assumption was not satisfied, we used inverse probability-weighted generalized estimating equations.
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Results
We assessed 1636 children for eligibility; 841 were ineligible, 143 refused, and 14 were not enrolled owing to lack of time in the waiting room (Figure) . The remaining 638 children were enrolled, for a participation rate of 80%. Table 1 describes demographic characteristics for the children and caregivers as well as baseline asthma-related variables. The mean (SD) age of the children was 6.71 (3.0) years, and 58% were male. Among the participants, 36% were black, 36% were Hispanic, and 68% had Medicaid insurance. Most of the caregivers (75%) had at least graduated from high school, 32% smoked, and 27% spoke Spanish at home. Demographic characteristics were not different between treatment groups, with the exception that fewer Spanish-speaking caregivers had children in the PAIR-UP group than in the UC group (24% vs 31%, respectively). Copyright 2014 American Medical Association. All rights reserved.
Figure. Prompting Asthma Intervention in Rochester-Uniting Parents and Providers (PAIR-UP) CONSORT Flow Diagram
Based on NHLBI classifications, 37% of caregivers reported that their child had mild persistent symptoms at the time of the visit, 34% had moderate persistent symptoms, and 28% had severe persistent symptoms. Caregivers reported a mean (SD) of 7.53 (4.9) SFDs over 2 weeks, 41% reported an emergency department visit for asthma in the prior year, and only 58% reported having a preventive asthma medication. Only 25% were being seen at the office for an asthma-related visit. There were no differences in baseline asthma severity, medication use, or reason for visit between the groups. Table 2 indicates asthma care actions that occurred during the index visit. Overall, asthma care actions were low for this group of children with current persistent symptoms. Fewer than half of the children received a preventive medication action (new medication, increased dose, recommendation to restart preventive medication), an asthma action plan, or an as- Downloaded From: by a Non-Human Traffic (NHT) User on 11/16/2018 sessment of asthma triggers. However, at the time of the health care visit, significantly more children in the PAIR-UP group than in the UC group received a preventive medication action (58% vs 33%, respectively; odds ratio [OR] = 2.8; 95% CI, 1.9 to 3.9). Further, more children in the PAIR-UP group than in the UC group received an asthma action plan (61% vs 23%, respectively; OR = 8.3; 95% CI, 3.7 to 18.7), discussions regarding their asthma (93% vs 78%, respectively; OR = 4.5; 95% CI, 2.8 to 7.2), and secondhand smoke counseling (80% vs 63%, respectively; OR = 2.6; 95% CI, 1.2 to 5.5). Parent-reported asthma symptoms and health care utilization at the 2-and 6-month follow-ups are shown in Table 3 . For the primary outcome, we found that children in the PAIR-UP group had more SFDs per 2 weeks at 2 months than in the UC group (mean difference, 0.78 days; 95% CI, 0.29 to 1.27). Children in the PAIR-UP group also had fewer days and fewer nights with asthma symptoms compared with those in the UC group. At 6 months, the improvement in SFDs was no longer significantly different from UC (mean difference, 0.56; 95% CI, −0.14 to 1.25), but children in the PAIR-UP group had significantly fewer nights with symptoms per 2 weeks (mean difference, −0.43; 95% CI, −0.77 to −0.09). Very few children had an emergency department visit or hospitalization for asthma within the 6-month period after enrollment, and this did not differ between the PAIR-UP and UC groups (11% vs 11%, respectively; OR = 1.00; 95% CI, 0.54 to 1.87).
Discussion
The PAIR-UP intervention, which included clinician prompting, practice-level supports, and performance feedback, significantly improved the delivery of preventive asthma care at the time of an office visit for high-risk urban children with persistent asthma. More children in PAIR-UP practices received a preventive medication action, an asthma action plan, and discussions regarding asthma and secondhand smoke than children in UC practices. We also demonstrated an improvement in asthma morbidity at the 2-month follow-up assessment. This suggests that the intervention improved not only the delivery of care but also short-term clinical outcomes.
Other studies have tested clinician prompts as a successful method to stimulate action regarding clinical issues and improve preventive care, 4, [24] [25] [26] [27] [28] [29] [30] [31] and some have also assessed patient prompting in addition to clinician prompting to optimize preventive treatment programs. 32, 33 Similarly, performance feedback on specific practices has been extensively used in health maintenance organizations for quality improvement [34] [35] [36] [37] [38] ; however, this is not standard practice in health care settings, and information rarely is relayed at the time of a patient visit. Multifaceted interventions such as PAIR-UP appear to yield the greatest success in improving asthma care.
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The goal of PAIR-UP was to reduce asthma morbidity by implementing a conceptually simple system change in primary care practice. By prompting clinicians and caregivers at the time of the office visit and empowering them with immediate and relevant information and resources based on national guidelines, we facilitated the delivery of optimal care. We included a large sample of children from representative practices in an urban community who were in greatest need of assistance. We specifically chose a cluster randomized design with practice-level randomization to lessen the risk of ex- Abbreviations: ED, emergency department; PAIR-UP, Prompting Asthma Intervention in Rochester-Uniting Parents and Providers; UC, usual care. a Statistics were based on weighted generalized estimating equation to account for the clustering data structure within practices. Covariates including asthma severity, child's sex, child's race, and language spoken at home were controlled in the analyses. b Slightly more participants with missing data at 2 months were Spanish speaking compared with those with complete data. Therefore, we modeled the probability of dropout via logistic regression with group and Spanish language as predictors and used the inverse probabilities to weight observations. c The 6-month follow-up outcome dropouts were not found to be significantly correlated with any covariates; therefore, the results were based on the unweighted generalized estimating equation.
perimental contamination that occurs with individual-level randomization, allow for incorporation of practice-level supports and feedback, and allow for synergy and diffusion within practices. To help ensure equivalent treatment groups, we incorporated a priori matching of practices based on key variables and accounted for intracluster correlation estimates in the analytic plan. There are some potential limitations of this study. First, despite prompting, delivery of preventive care for these highrisk children remained suboptimal, likely owing to a variety of factors including the competing demands of an office visit. Second, our intervention required the financial commitment for staff members to perform symptom screening in the waiting room, and we used printed prompts rather than electronic medical record systems because many of the practices (approximately half) were still using paper records at the time of the study. However, many more practices are now equipped with electronic medical record systems and screening information could easily be entered by caregivers into tablet computers or waiting room kiosks and electronically translated to prompts in the electronic medical record system, requiring very little expense. Further, we did not incorporate formal asthma education or reinforcement after the index visit. Our goal was to develop a system that could be easily replicated, thus requiring the intervention to be simple and inexpensive. While the improvement in SFDs at 2 months is considered clinically meaningful, 46,47 we suspect that not having program reinforcement over time may have contributed to our lack of a statistically significant difference in SFDs at 6 months.
It is important to note that the interview process with the families in the waiting room could have caused families in UC practices to focus on asthma more than they would have without the baseline interview process, thus triggering enhanced care. Additionally, outcome measures obtained by caregiver interview may be subject to recall errors or recall bias. To minimize this possibility, the recall period was short, the assessments were blinded, and we included medical record review data. Lastly, because the program was multifaceted by design, we cannot determine the effectiveness of individual components.
Conclusions
Asthma continues to disproportionately affect impoverished children and preventive care is suboptimal. [7] [8] [9] [10] Missed opportunities to provide optimal preventive asthma care in the primary care setting are common and likely contribute to preventable morbidity. We found that a multifaceted prompting intervention in the primary care office improved the delivery of preventive asthma care and reduced asthma morbidity for high-risk children with persistent asthma. This project has the potential to serve as a model for improved asthma care in urban communities.
